ABSTRACT | Manovacuometry is a simple, fast, and noninvasive test, with maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) obtained to assist respiratory muscle assessment. Currently, there is a wide variety of models and brands of manovacuometers with different trachea diameters and lengths. However, the interference of these models in the measurements obtained by these equipments needs to be investigated.
INTRODUCTION
Manovacuometry, also known as maximal respiratory pressures (MRP), consists of measuring maximum static respiratory pressures by a classic and reliable equipment, named manovacuometer [1] [2] [3] [4] . This is a simple, fast, non-invasive, volunteer, and effortdependent test, in which the maximal inspiratory pressure (MIP) and the maximal expiratory pressure (MEP) are obtained 5, 6 . These are indexes of inspiratory and expiratory muscle force and their respective values represent the force generated by the set of inspiratory and expiratory muscles, obtained at mouth level 3, 5, 6 . Its applicability is large and aims to identify clinical changes, such as muscle weakness 7 and ability to cough and expectorate (reflected by the MEP). Thus, it helps the diagnosis of neuromuscular and progressive diseases, the prescription of respiratory muscle training programs 3, 7, 8 , the weaning from mechanical ventilation 9 , and the assessment of responsiveness to interventions 2, 5, 6, 10 . MIP and MEP are generated during maximum inspiration and expiration against an occluded airway 11 , respectively, and the values obtained depend on the elastic retraction strength of the pulmonary system, on the respiratory muscle itself, on the instructions provided, and on the collaboration of the individual to perform the maneuver 11 . Therefore, procedure standardization is necessary 3, 11, 12 . Studies have investigated other variables able to affect the values obtained, such as, for example, types of equipment, buccal pieces 8, 10 , tracheas, manometers, air-escape orifice, use of nose clip, volunteer's posture when performing the tests, rest time between repetitions and between tests, maximum pressure definition, and lung (that in which the maneuver is carried out) volume determination [4] [5] [6] . In their studies, Onaga et al. 8 , Koulouris et al. 13 , and Gibson 10 concluded that different buccal types strongly influence measures of respiratory muscle pressures.
Currently, there is a wide range of models and brands of manovacuometers with different diameters and lengths of tracheas. However, the influence of these models on the measures obtained by such equipment is not clear.
The existing standardization refers to the presence of air-escape orifice (1-2 mm diameter) and a maximum of eight efforts for each test (with at least three acceptable and two reproducible) [5] [6] . Therefore, given the small number of studies on the topic, it is important to compare the data obtained by different lengths of tracheas, which justifies our position of assisting the standardization method of such measures.
This study mainly aimed to analyze the influence of tracheas' length in the maximum respiratory pressures, obtained by analog manovacuometers, in healthy individuals. Secondarily, it aimed to verify the correlation between the maximal respiratory pressure (MRP) measures obtained with different lengths of tracheas.
METHODOLOGY

Sample
This study's sample consisted of 50 healthy individuals, of both sexes, aged 18 to 30, with body mass index between 18 and 29.9 kg/m² 14 , and who belonged to the community of São Carlos, SP, Brazil and surroundings. Individuals in the following conditions were excluded: respiratory and neurological diseases and/or temporomandibular joint syndrome; use of any type of medicines that could interfere and change MRP values; smokers and ex-smokers.
To determine the sample size, the previous study of Onaga et al. 8 was used, considering the MEP variable as primary outcome. Calculation was carried out by the GPower software, version 3.1, adopting 95% confidence level and 80% study power. A number of 38 individuals was suggested to detect a 0.42 effect size. However, 50 individuals were included in this research.
This study was approved by the Research Ethics Committee of Universidade Federal de São Carlos (UFSCar) (protocol number 042/2011). All participants were informed about the experiment characteristics and signed the Informed Consent Form.
Experimental procedure
Individuals who agreed to participate in the study filled out a standardized assessment form containing personal data. All of them underwent anamnesis and physical examination that collected anthropometric data, medications used, and smoking habit information. The short version of the International Physical Activity Questionnaire (IPAQ) was applied to evaluate physical activity level 15 . Height and body mass measures were obtained using biometric scale (Welmy®, 110FF model, São Paulo, SP, Brazil), and then the body mass index (BMI) was calculated. Subjects were submitted to spirometry and manovacuometry tests. Data collection was carried out in a single day by the same evaluator.
Spirometry: A portable spirometer (NDD EasyOne TM , Zurich, Switzerland) was used, following the standards of the American Thoracic Society/European Respiratory Society (ATS/ ERS) 16 . The values obtained were compared to those predicted by Knudson et al. 17 . Respiratory muscle pressures: they were measured with the subject on standing position using a nose clip, by an analog manovacuometer (Ger-Ar, São Paulo, Brazil) calibrated in cmH 2 O, with a -300 to +300 cmH 2 O operational limit, scale ranging each 10 cmH 2 O, equipped with a buccal adapter with an approximate 2 mm diameter orifice, aiming to prevent contraction of facial muscles 10, [18] [19] [20] [21] [22] . All individuals received standardized verbal stimuli 23 . Measures were registered using tracheas with the same internal diameter (0.5 cm) and 30, 60, and 90 cm lengths (Ger-Ar, São Paulo, Brazil). These trachea lengths were determined according to the manovacuometer models that are commonly available for sale on the market. A rectangle type buccal device was used (Ger-Ar, São Paulo, Brazil), since it is considered more anatomical, allowing less air escape during the execution of maneuvers 8 . MIP was obtained by a maximal inspiratory effort maneuver after a maximal expiration, close to the residual volume (RV) 2, 21 . MEP was obtained by a maximal expiratory effort, after a maximal inspiration, close to the total lung capacity (TLC) 2, 21 . The sequences of MIP and MEP maneuvers and tracheas lengths (30 cm, 60 cm, and 90 cm) to be used were randomly determined through lots, for each individual.
Maneuvers were performed at least three times and, at most, five times, in case there was more than 10% variation between the values obtained 21 , and the effort was held by at least three seconds 2, 24 . The following intervals were adopted: 15 seconds between measurements, 30 seconds between maneuvers, and one minute between change of tracheas 8 . For statistical analysis, maximum values were considered. The predicted values of MIP and MEP were calculated according to Neder et al. 25 . The significance level adopted was 5%. Table 1 shows demographic, anthropometric, and spirometric characteristics of the individuals studied.
Statistical Analysis
RESULTS
Regarding the level of physical activity of individuals, verified by the IPAQ 14 , 2% of them were classified as very active; 42% as active; 50% as irregularly active (24% irregularly active A and 26% irregularly active B), and 6% as sedentary. Strong positive and statistically significant correlations were observed between MIP values with tracheas of all lengths (30 cm, 60 cm, and 90 cm). The same occurred with MEP values, as shown in Table 3 . In this study, the tracheas' length was the only factor relevant to the equipment that could affect the final pressure value obtained, since we assured diameter and roughness of tracheas were the same. Thus, considering all these factors, we found that the pressure obtained suffered no significant influence from the tracheas' lengths, as there was no significant difference between MEP values, with strong association between the different lengths of tracheas. However, we found that the 90 cm length trachea resulted in lower MIP values when compared to the values obtained with the 30 cm and 60 cm tracheas, suggesting that, from that length, a greater inspiratory effort is required to overcome the resistance of the circuit, which can compromise a reliable assessment of individuals. Even noticing the lower MIP values obtained with the 90 cm trachea, we considered the association between values strong.
Our sample was predominantly formed by females, a factor that may have affected our results and constitute a limitation of the study. Another factor considered as a limitation is the impossibility of identifying the measurement time and the non-visualization of MIP and MEP curve of measures, constituting a disadvantage of the analog manovacuometer. In addition, the 15-second interval established between measurements, although used in a previous study, is different from the most commonly used in the literature, which is close to one minute 27, 28 .
DISCUSSION
Our main result is that we found no significant differences on MEP values between 30, 60, and 90 cm trachea lengths, with positive correlation between them. However, we observed the 30 cm and 60 cm tracheas provided higher MIP values than the 90 cm trachea.
In this study, an analogic manovacuometer calibrated in cmH 2 O was used. This choice was made because this type is the most used in clinical practice.
Regarding the buccal device, we have chosen the rectangular format, since, according to Gibson 10 , this type has great influence on the measurement of respiratory pressure values. For Onaga et al. 8 , the rectangular buccal device guarantees a minor air escape for MEP measures. However, Montemezzo et al. 4 mostly used the tubular type buccal device, while Souza 21 considers the diver type the most indicated one.
In the analysis of some aspects of fluid mechanics, it is possible to better understand the results of this research. According to Munson et al. 26 , the final pressure is influenced by three main factors: fluid characteristics (specific mass and viscosity); tube characteristics (diameter, length, and roughness); and user performance (speed and pressure with which the air is propelled at the tube entrance). However, the different lengths of tracheas established in this study were not sufficient to provide differences in the MEP assessment. Nevertheless, this can be verified in the MIP values obtained with the 90 cm trachea, which are lower when compared to the 30 cm and 60 cm tracheas.
Thus, once two of these major factors are guaranteed, such as fluid characteristics and user performance, the only variable factor relates to the tube characteristics. We were careful to minimize performance differences 
